Some taxa of Hygrocybe can be determined unambiguously based on macroscopic characters, (e.g. H. citrinovirens, H. conica, H. conicoides, H. intermedia, H. ovina, H. pratensis, H. spadicea) . Identification of other Hygrocybe species can be moderately improved by considering the results of detailed microscopical examination and macroscopic attributes simultaneously (e.g. determining H. aurantiosplendens, H. coccinea, H. constrictospora, H. marchii, H. phaeococcinea and H. reidii The most important diagnostic features of the genus Hygrocybe on a macroscopic level are the thick, waxy, widely-spaced gills producing white spores, and the stipe without veil remnants. Additional significant microscopic markers common to most members of Hygrocybe are as follows: long, narrow basidia (6-9 times longer than its width) with smooth and inamyloid spores. All the taxa lack real pleurocystidia. However, to make a firm distinction between the three subgenera, structure and arrangement of the hyphae of the lamellar trama have been accepted as the most reliable microscopic characteristics (Boertmann 1995) . The hyphae of the lamellar trama in the subgenus Hygrocybe are especially long (> 1 000 μm) and parallel to each other (regular structure), such as those of H. conica. Species of the second subgenus, Pseudohygrocybe, have a subregular arrangement of short hyphae that rarely exceed 150 μm. The exceptions in subg. Pseudohygrocybe that are classified by others in the genus Neohygrocybe, i.e., H. ingrata, H. nitrata and H. ovina ; the trama hyphae of these species are 200 -500 μm. The genera Neohygrocybe and Gliophorus were separated by Herink (1959) based in part on the absence of muscaflavin pigment. The lamellar trama in subg. Cuphophyllus (Camarophyllus) is composed of short hyphae < 150 μm, that are mostly cylindrically shaped and form a highly interwoven hyphal entanglement (irregular lamellar trama). Bas (1990) recategorized the genus Hygrocybe and classified it in the family Tricholomataceae together with the genus Camarophyllopsis as tribus Hygrocybeae. In his opinion genus Hygrophorus s.str. should also be placed in the family Tricholomataceae as a separate tribus. Candusso (1997) also removed the genus Hygrocybe from the family Hygrophoraceae, but classified it in the family Agaricaceae except for genus Camarophyllopsis. In contrast, Bon (1992) proposed to separate the Hygrophoraceae from the order Agaricales and treat it as a distinct order, o. Hygrophorales, due to its unique characters. The present authors consider the family Hygrophoraceae a distinct group within the Agaricales -a position supported by a multigene analysis by Matheny et al. (2006) . Currently, the number of Hygrocybe taxa recognized in Europe ranges between 60 and 133, depending on the authors and their various opinions on taxonomy. While Moser (1983) , and Bon (1976 Bon ( , 1990 Bon ( , 1992 elevated certain taxa to higher taxonomic levels (giving species rank to varieties and forms), former separate species have occasionally been contracted by Boertmann (1995) thus reducing the number of Hygrocybe taxa. These two opposing processes are taking place simultaneously. While Bon (1976 Bon ( , 1990 Bon ( , 1992 (Zagyva 2003) . With respect to the genus Hygrocybe, the Ő rség National Park is the best studied and explored area in Hungary, where 34 of the 35 taxa were found. The basiphyl H. conicoides is the only species that has not been found in this region yet (Zagyva et al. 2003) . Hungary seems to be poor in Hygrocybe partly due to the dominating continental climate becoming increasingly arid, and partly due to the expansion of intensive agriculture in the past decades.
Preliminary notes on dual relevance of ITS sequences and pigments in Hygrocybe taxonomy
The presence of above mentioned muscaflavin pigments is a remarkable chemotaxonomical character. Bresinsky & Kronawitter (1986) detected muscaflavins in 42 of 53 studied Hygrocybe species. The authors distinguished six groups on the basis of pigment content, of which four comprise muscaflavin-free species. Cibula (1976) Binder et al. (2010) developed a six-locus nuclear dataset including two non-ribosomal protein coding genes, RPB1 and RPB2 plus the translation elongation factor (1-alpha tef1).
The goal of our studies was to give additional data for the identification, classification and distinction of ambiguously identified Hygrocybe species including a larger number of European species than previous analyses (Mattheny et al. 2006 , Brock et al. 2009 , Binder et al. 2010 . We also aimed to find agreement between the phylogeny and previous studies based on chemotaxonomy. Sequence analyses of total ITS (internal transcribed spacer) regions supporting recent taxonomic investigations and a preliminary revision of the genus Hygrocybe s.l. were performed using materials from the Carpatho-Pannon region.
MATERIALS And METHodS
Fungal specimens for ITS sequence analyses were obtained from selected exsiccates of mainly Hungarian herbaria (Fig.  1 ). The majority of specimens originated from the area of the Ő rség National Park (Apátistvánfalva, Farkasfa, Felső szölnök, Kétvölgy). We sequenced several specimens of a species when possible.
For taxonomic determinations based on morphological characters, the keys of Boertmann (1995) , Candusso (1997) and Krieglsteiner (2001) The evolutionary history was inferred using the Neighbour-joining method. The bootstrap consensus tree inferred from 1 000 replicates is taken to represent the evolutionary history of the taxa analyzed. Branches corresponding to partitions reproduced in less than 50 % bootstrap replicates are collapsed. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite Likelihood method and are in the units of the number of base substitutions per site. All positions containing gaps and missing data were eliminated from the dataset (Complete deletion option). Phylogenetic analyses were conducted in MEGA4 . 
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D Q 4 8 6 6 8 5 H . c a n e s c e n s H 5 5 H . c o le m a n n ia n a DNA extractions and PCR reactions were carried out according to Gardes et al. (1991) . The universal primers ITS1 and ITS4 (White et al. 1990 ) and the fungal specific ITS1F primer (Gardes & Bruns 1993) were used for amplifications. PCR products were cleaned using a Montage-PCR (Millipore) microfilter. Sequencing reactions were carried out using BigDye™ Terminator Cycle 3.1 Sequencing Kit (Applied Biosystems). PCR products were sequenced with ITS1 and ITS4 primers, on ABI PRISM 3100 Genetic Analyser.
CLUSTALW2 (Larkin et al. 2007 ) program was applied to generate alignments and phylogenetic and molecular evolutionary analyses were conducted using MEGA4 (Tamura et al. 2007 ).
RESuLTS And dISCuSSIon
Total ITS1 + 5.8S rDNA + ITS2 regions were sequenced successfully in most cases. The number of nucleotides were between 348 (H. nitrate, but probably not a whole ITS sequence) and 665 (H. flavipes).
At first sight, numerous clades are distinguishable in the phylograms in Fig. 2 -4. Large differences were noted among sequences, some with only 24 % sequence homology. Few nodes are marked with high bootstrap values, and the topology of the sections or aggregates was rather variable. Every model, however, showed two major clades (A and B) separated in the phylograms comprising all sequences (Fig. 2) . The branch supporting the separation of the two major groups had a bootstrap value of 89 %.
The species of clade B (Fig. 3) are characterizable by the presence of vivid yellow, orange and red colours, whereas clade A (Fig. 4) Especially in the taxa of subg. Hygrocybe, differences in the microscopic properties alone cannot be considered as sufficient for the distinction among the taxa. Moreover, attempts that were based solely on microscopic features of dried sporophores (e.g. between H. ceracea, H. constrictospora and H. insipida) often failed. The only hope for unambiguous identification in these cases is if certain features of the fresh sporophores had already been fixed, noted, recorded, or registered at the habitat. There are many taxa at the same time, that could be safely separated based on their macro-and/or microscopic features after decades of storage. They were questioned as separate species, or taxa only in the last decade, primarily due to Boertmann's examinations (Boertmann 1995) .
ovERvIEw oF PRobLEMS oF CLASSIFICATIon
While there are distinct circumscriptions of the genus Hygrocybe (subgenera and sections), some species are difficult to define and often not determined unambiguously. This is caused not only by weather related variations (changes in colour), but also by the lack of molecular taxonomical investigations (Bresinsky 2008) . Considering the multidimensional taxonomic problems typical of the genus, below we compare and analyze the results based on the previous taxonomic notions, within the genus, by taxa.
Subgenus Cuphophyllus Donk
Section Cuphophyllus
Resolving clade A, section Cuphophyllus proves to be a mono-or polyphyletic group, depending on the applied method. The two subsections within section Cuphophyllus do not seem to segregate, and bootstrap support for basal branches was weak. Differentiation of subsections Cuphophyllus and Virginei on the basis of morphological features often raises difficulties.
Subsection Cuphophyllus
Although subsection Cuphophyllus has a dry pileus surface and shorter spores (5-6 μm) than in subsection Virginei, misidentifications occur in numerous cases, as among H. virginea and certain specimens of H. pratensis var. pallida.
Subsection Virginei Bataille
Flavipes aggregate: flavipes, lacmus
Hygrocybe lacmus, H. flavipes and H. colemanniana do not vary much microscopically, but DNA sequence comparisons reveal large sequence differences among them. According to Boertmann (1995) , they should appear as separate species in the future, primarily based on macromorphological features, and secondly due to their minimal and inconstant spore size differences. Krieglsteiner (2000) claimed that neither macro-nor microscopic properties can be used for the reliable differentiation among the three above mentioned taxa. On our phylogenetic trees H. lacmus and H. flavipes Arnolds (1985) Watling (1969) H53 psittacina var. psittacina (Schaeff.) psittacina (Schaeff.) psittacina var. psittacina (Schaeff.) Apátistvánfalva T. Zagyva FM208895 P. Kumm. (1871) P. Kumm. (1871) P. Kumm. (1871) H54 flavipes (Britzelm.) Arnolds (1989) (Fig. 4) , the C. flavipes aggregate does not appear to belong to the same clade as C. pratensis, nor does C. canescens fall within the Virginei clade. None of the examined species belongs to the third section Oreocybe.
Subgenus Pseudohygrocybe Bon
Section Neohygrocybe Herink
The uniquely short ITS region of H. nitrata significantly separates this species from any other taxa, but additional sequences would be needed to confirm this result and for Bresinsky & Kronawitter (1986) revealed the correspondence of sect. Neohygrocybe with their pigment group 3.0, which lacks muscaflavins. This result seems to confirm the separation of Neohygrocybe genus by Bresinsky (2008) .
Section Glutinosae Kühner
All three examined species (Gliophorus laetus, Gliophorus unguinosus and G. psittacinus) are strictly monophyletic with high bootstrap values. In contrast, nucleotide homology among the species is relatively low. These three taxa can be differentiated morphologically without difficulties. The common features of the taxa are the glutinosity of the sporophore and the medallion clamp connections at the base of the basidia. Matheny et al. (2006) , based on their phylogenetic study, proposed to resurrect the Gliophorus laetus (Pers.: Fr.) Herink as the valid name of this taxon instead of H. laeta. Hygrocybe psittacina was recombined in Gliophorus by Herink (G. psittacinus (Schaeff.) Herink). Recently, H. irrigata was also proposed to be transferred to Gliophorus (Bresinsky 2008) , though H. unguinosa, which Boertmann considers a synonym, has already been combined in Gliophorus. The dilemma with the combination Gliophorus unguinosus (Fr.) Kovalenko is that there are several species in Europe, according to their ITS sequences, they are nearly identical morphologically, and we don't know which ones correspond to which name (or don't correspond to any name).
Psittacina aggregate: laeta, psittacina
Greenish colour appears near the apex of the stem of both taxa. Hygrocybe psittacina has green, yellowish green colouring, H. laeta var. laeta can show somewhat olive green shade at the same part sometimes (Candusso 1997 , Beisenherz 2002 . Beisenherz (2002: 53) claimed that red pigment masks the blue and green pigments. Bresinsky & Kronawitter (1986) 
Section Coccineae Fayod
This section seems to be monophyletic according to our molecular examinations. The species of the three subsections (Coccineae, Siccae and Squamulosae) do not form a separated genetic group. Matheny et al. (2006) as well as Bresinsky (2008) discussed all species of this section among Hygrocybe s.str.
Subsection Coccineae (Bataille) Singer
This subsection is consistent with Boertmann's classification, though it represents a grade rather than a clade (Fig. 3) . The two H. coccinea samples had identical sequences (bt = 100 %). Hygrocybe punicea and H. splendidissima proved to be identical based on ITS sequences. According to Krieglsteiner (2001) , H. splendidissima seems to be a variety of H. punicea. Hygrocybe ceracea was a well-supported species, having higher ITS homology with H. miniata than with other species.
Subsection Siccae Boertm.
Subsection Siccae proved to be a polyphyletic group, although, only H. splendidissima and H. quieta were 
